The potential adverse effects of hazardous waste incinerators (HWI) continue to be a subject of worry. The construction of the first and till now only HWI in Spain finished in 1999. To assess the potential impact of the plant on public health, a preoperational monitoring program was established during the period of construction. The main goal of the present study was to determine, after approximately 3 years of regular operations in the facility, the concentrations of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in plasma of nonoccupationally exposed subjects living near the HWI. Blood samples were obtained from 20 volunteers aged 19-62 years. The mean PCDD/F concentration in plasma was 15.70 pg I-TEQ/g lipid (range 4.66-29.25 pg I-TEQ/g lipid), which is significantly lower than the mean level found in the baseline survey, 27.01 pg I-TEQ/g lipid (range 14.79-48.95 pg I-TEQ/g lipid). Reductions were noted for both sexes and for all age groups. The comparison with PCDD/F levels from a number of different countries shows that, in general terms, the current PCDD/F concentrations are lower than most results recently reported. It is concluded that emissions from the stack of the HWI assessed here should not mean any additional significant exposure to PCDD/Fs for the population living near the facility.
Introduction
Although waste incineration (hazardous, medical and municipal) is a widely used method of waste management, in many countries there is a great concern in relation to waste incinerators taking into account the emission of atmospheric toxic contaminants such as metals and polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) (Olie et al., 1977; Lisk, 1988) . However, although PCDD/ Fs, especially the 2,3,7,8-substituted congeners, are the most hazardous environmental pollutants released by incinerators, a number of other different activities are also known sources of PCDD/F emissions (Eduljee and Dyke, 1996; Fiedler, 1996) .
In 1996, the construction of a hazardous waste incinerator (HWI) in Constantı´(Tarragona County, Catalonia, Spain) was initiated. Regular operations started in 1999. As this facility is the first, and till now the only HWI in Spain, the interest in its potential environmental impact and health risks has been and still remains considerable in public opinion.
Generally, evaluation of HWI stack emissions has been focused on heavy metals, semivolatile and volatile compounds (Oppelt, 1987; Sedman and Esparza, 1991) . On average, PCDD/F emissions from HWI have been reported to be about three or four orders of magnitude lower than PCDD/F emissions from municipal solid waste incinerators (MSWI) (Dempsey and Oppelt, 1993) . However, because of the public and scientific concern, special attention has been paid to emissions of these organic pollutants by HWI.
In response to this concern, a wide environmental program was designed to assess the potential impact of PCDD/F emissions from the new HWI on the neighborhood, as well as to establish the health risks on the population living near the HWI. For this, in order to be used as biological monitors samples of blood, milk and adipose tissue were collected from subjects living in the vicinity of the facility before starting operations (Schuhmacher et al., 1999a-c) . These tissues, especially blood, are widely used as indicators of the PCDD/ F body burden. Thus, in recent years, various studies have assessed dioxin exposure in residential communities by measuring plasma levels of these environmental pollutants. For example, Akhmedkhanov et al. (2002) reported that subjects living in close proximity to a chemical plant in Chapaevsk (Russia) producing large amounts of chlorinated compounds had significantly higher dioxin levels as compared to subjects living more than 5 km away from the plant. In turn, Orloff et al. (2001) found different dioxin congeners in people with elevated blood dioxin concentrations compared to those with background levels living in an area with heavy chemical industry. The purpose of the present study was to determine the plasma levels of PCDD/Fs in individuals living in Constantı´and bordering villages, which are placed in an area under the potential influence of the HWI. Samples were collected after 3 years of regular operations in the facility. The results are compared with the baseline concentrations, which were obtained from subjects living in the same area .
Methods
Blood samples were obtained from 20 volunteers (donors in a blood bank) who had been living in the area under evaluation at least during the last 10 years. As in the baseline study , subjects (19-62 years) were classified according to sex (10 males and 10 females) and age groups. None of the participants in the present survey had any known occupational exposure to PCDD/Fs. Samples of about 80 ml of plasma were obtained from each individual. Lipids were extracted with isopropanol/hexane through a solid phase. All samples were immediately frozen at À20 1 C until analyzed.
The analytical determination of PCDD/Fs was performed in accordance with European guideline VDI 3499 (1993).
13
C 12 -PCDDs,
C 12 -PCDFs and 13 C 12 -PCBs were added to the samples as internal standards. The clean-up procedure and fractionation of the crude extract of each whole sample was carried out by adsorption chromatography as a multilayer clean-up with silica gel, florisil and alumina columns. The sample extract was evaporated with a rotavapor followed by a nitrogen stream of dryness to a final volume of 10 ml. The cleaned extracts were analyzed by highresolution gas chromatography/high-resolution mass spectrometry (HRGC/HRMS) using a Fisons CE 8000 GC coupled with a VG Autospec Ultima system (EI and multiple ion detection mode, resolution 410,000). The isomer-specific separation was carried out on a DB-5 MS capillary column, 60 m Â 0.25 mm i.d., 0.25-mm film thickness (J & W Scientific, Folsom, CA, USA). In addition to the quantitative determination of 2,3,7,8-substituted PCDD/F congeners, toxic equivalents (I-TEQ and WHO-TEQ) were also calculated.
Statistical significance of the data was computed by the Kruskal-Wallis and the Mann-Whitney U-test. A probability of 0.05 or less was considered as significant. The relationship between age and PCDD/F concentrations in plasma was evaluated by computing Pearson's correlation coefficients. Table 1 shows the individual levels of PCDD/Fs in plasma of subjects living in the area under potential environmental influence of the HWI. The results are expressed in pg I-TEQ/ g lipid and pg WHO-TEQ/g lipid. In the present study, PCDD/F concentrations ranged between 4.66 and 29.25 pg I-TEQ/g lipid, while the baseline levels ranged from 14.79 to 48.95 pg I-TEQ/g lipid . The average concentrations of PCDD/F congeners in plasma are shown in Table 2 . The current mean concentration was 15.70 pg I-TEQ/g lipid (17.80 pg WHO-TEQ/g lipid), which is significantly (Po0.001) lower than the mean concentration found in the baseline study, 27.01 pg I-TEQ/g lipid . This important reduction can be explained by taking into account the fact that diet is the main source of human exposure to PCDD/Fs (Domingo, 2002; Domingo et al., 2002) . At the time of the baseline survey, the dietary intake of PCDD/Fs in the area under evaluation was 210 pg I-TEQ/day , while at present the intake of PCDD/Fs through the diet by the general population of this area is 59.6 pg I-TEQ/day (unpublished data). Consequently, the significant decrease noted in the plasma PCDD/F concentrations should mainly correspond with the notable reduction in PCDD/F exposure from the diet. In a recent review of literature data on lipid levels of 2, 3, 7, in the general population of various countries over three decades, Aylward and Hays (2002) found current TEQ levels to be at least fourfold lower than those in 1990 and still decreasing. This trend is supported by the continuous reduction of PCDD/F concentrations in food in recent years (Llobet et al., 2003) .
Results and Discussion
In 1999, regular operations were initiated in the HWI. Since then, a bimonthly control of PCDD/F emissions from the stack is being carried out. During this period, the average PCDD/F emission has been 0.025 ng I-TEQ/Nm 3 with a range of 0.009-0.036 ng I-TEQ/Nm 3 , clearly lower than the legal limit of 0.1 ng I-TEQ/Nm 3 . Moreover, the mean levels of PCDD/Fs in soil samples collected in the neighborhood of the facility ranged from the baseline 1.68 ng I-TEQ/kg d.m. (Schuhmacher et al., 1997) to 2.04 ng I-TEQ/kg d.m. . In herbage samples, the mean concentrations of PCDD/Fs ranged from the baseline 0.31 ng I-TEQ/kg d.m. (Schuhmacher et al., 1998) to 0.21 ng I-TEQ/kg d.m. (Agramunt et al., 2002a) . All these data indicate that emissions from the stack should not mean any significant additional exposure to PCDD/Fs for the population living in the vicinity of the facility.
As in the baseline survey, all plasma samples showed PCDD levels higher than those of PCDF (Table 2) . OCDD was the predominant PCDD congener followed by 1,2,3,4,6,7,8-HpCDD and 1,2,3,6,7,8-HxCDD, while the highest PCDF levels corresponded to 1,2,3,4,6,7,8-HpCDF and OCDF. In contrast, the lowest concentrations of PCDD and PCDF corresponded to the congeners 2,3,7,8-TeCDD and 1,2,3,7,8,9-HxCDF, respectively. In a recent study, we found that OCDD followed at a great distance by 1,2,3,4,6,7,8-HpCDD were also the congeners showing the greatest contribution to the current PCDD/F dietary intake (unpublished data).
Significant reductions in the levels of PCDD/Fs in plasma were found for both sexes, 36 and 48% for males and females, respectively (Table 3) . However, because the sample size is rather small (10 males and 10 females), the statistical analysis should be viewed with caution. Although the current mean PCDD/F concentrations in the plasma of females was lower than that of males, the difference did not reach the level of statistical significance. Probably, this apparently lower mean plasma concentration of PCDD/Fs in females would be mainly due to the lower PCDD/F intake through the diet by this group (Llobet et al., 2003) .
On the other hand, PCDD/F concentrations increased with age from 10.4 (18-30 years) to 19.0 (Z56 years) pg I-TEQ/g lipid (Table 3) . In all age groups, PCDD/F levels in plasma were notably reduced in comparison with the concentrations of the baseline study. However, it should be taken into account that the age groups were made up of only four subjects. Linear regression and correlation analysis were performed to determine the degree of linear association between PCDD/F levels in plasma versus age. The correlation coefficient (r) was 0.523 (Po0.05), which is very similar to that found in the baseline survey, r ¼ 0.565 (Schuhmacher et al., 1999b). Results are given in pg I-TEQ/g lipid.
Levels of dioxins and furans Agramunt et al.
Data on PCDD/F levels in blood of nonoccupationally exposed populations living near HWI are not available in the scientific literature. In turn, although recent studies have demonstrated that for MSWI with modern technologies, human PCDD/F exposure is mainly due to background contamination (Domingo, 2002; Domingo et al., 1999b Domingo et al., , 2002 , there are only a few reports concerning PCDD/F concentrations in blood of subjects living in the vicinity of MSWIs. Deml et al. (1996) did not find direct health hazards related to PCDD/F emissions from a German MSWI. The mean PCDD/F level corresponding to 39 nonoccupationally exposed individuals living in the vicinity of the facility was 17.0 pg I-TEQ/g lipid (whole blood). In turn, Gonza´lez et al. (2000) reported increases (12-25%) in PCDD/F blood levels of subjects living near a Spanish MSWI after 2 years of operation. However, the authors concluded that it would be unlikely that these increases resulted from PCDD/F emissions of the MSWI. Recently, Kim et al. (2002) compared the blood concentrations of workers in a Korean incinerator with those of residents in the same community. The mean values were 23.38 and 13.47 pg I-TEQ/g lipid for workers and nonoccupationally exposed subjects, respectively, suggesting that the workers were exposed to PCDD/Fs at the workplace. In contrast to these results, no significant exposure to PCDD/Fs and other organic and inorganic substances was found in surveys performed 1 and 2 years after regular operations in the HWI assessed here (Agramunt et al., 2002b; Schuhmacher et al., 2002) .
A comparison of PCDD/F levels in human blood for a number of different places and countries is summarized in Table 4 . It can be seen that in general terms the current PCDD/F concentrations are lower than those corresponding PCDD/F concentrations are given in pg I-TEQ (international TEQ)/g lipid, except those marked with an asterisk that are given in pg WHO-TEQ/g lipid. Agramunt et al. to recent reports. Only data from Russia (Mamontova et al., 2002) were slightly lower than the levels of the present study.
Levels of dioxins and furans
In conclusion, the current results as well as the abovementioned data indicate that the PCDD/F levels in the plasma of the population living in the area under potential environmental influence of the HWI are not significantly increased by PCDD/F emissions from the stack.
